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The phenomenon of one-to-many laser fanout in large-size two-dimensional 2D holographic
photonic crystals H-PhCs is presented. Theoretical analysis demonstrates that the phenomenon is
induced by multiple substrate waveguiding effect of 2D H-PhCs, and the orientations of the
waveguided beams depend on the lattice structures of 2D H-PhCs. The fanout angle and separations
between output spots are determined by  /d, light incident angle and thickness of glass substrate,
therefore can be controlled via fabricating special lattice structures. The phenomenon has the
potential to enable the application of 2D PhCs as interconnection devices in optical networks.
© 2005 American Institute of Physics. DOI: 10.1063/1.2143133Photonic crystals PhCs are photonic band gap devices,
with periodic refractive index distribution fabricated in di-
electric materials. Different approaches have been used to
fabricate PhCs.1 Among the approaches, holographic
approach2 is regarded as the important and practical one,
with the advantages of fast fabrication, low cost, and capa-
bility of producing large-size crystals.3 Holographic photonic
crystals H-PhCs are usually fabricated in photoresist poly-
mer, which is coated on glass substrate. Besides the investi-
gations on fabrication techniques, special photon propagation
phenomena4,5 and their applications also attract intense
studies.
We fabricated two-dimensional 2D H-PhCs with hex-
agonal lattice structure using three-beam interference tech-
nique, with lattice constant around 0.5–1 m. The material
used was AZ-1350 positive photoresist, coated on glass sub-
strate with 2 mm thickness. Figure 1a is a scanning electron
microscope SEM image of a crystal, exhibiting a hexagonal
Bravais lattice. The circular regions in Fig. 1a are air holes
corresponding to the points of the lattice, while the con-
nected region is the polymer. The depth of the 2D pattern is
about 500 nm and the size of the crystal is about 2.5 cm
2.5 cm. Two-dimensional hexagonal lattice can be re-
garded as three superposed gratings with the vectors b1 ,b2,
and b3, as illustrated in Fig. 1b.
We observed that when a 0.633 nm laser beam was strik-
ing the surface of the crystal with an incident angle within
certain range, an array of light spots was generated above the
crystal. Figure 2 is a photograph taken from the surface of a
crystal. Spot A is the point where input laser beam was inci-
dent on the crystal, while the other spots are output beams
from the crystal surface;  is the fanout angle, and L1 and L2
are spot separations along different directions.
The fanout spot distribution is related to the lattice struc-
ture of the crystal. With the lattice as shown in Fig. 1b, the
orientation difference between three grating vectors is 60°.
When a laser beam is incident on the crystal, for each grating
the incident angles  and , and diffraction angles  and 
in glass substrate have the following relations:6
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sin  cos  − n sin  cos  = 0, 2
where n is the refractive index of glass n=1.52 , is wave-
length of the light, d is grating period and m is diffraction
order,  and  are angles to the grating plane, and  and 
are angles to the grating vector.
If  meets total reflection condition, the diffracted beam
will propagate inside the glass substrate. In this case, the
glass substrate performs as a waveguide. Experiment showed
that whenever the guided light strikes the PhC on the surface
of the plate, diffraction occurs, resulting in an array of output
spots from the surface. For 2D H-PhCs with relatively low
diffraction efficiency around 20%–30%, the strongest dif-
fraction is on 0th order. No light comes out of the plate if
there is no PhC fabricated in the polymer. Since hexagonal
2D H-PhC can be regarded as consisting of three gratings
with angular separation of 60°, under single incident beam
three diffracted beams are generated and propagate inside
glass substrate with different orientations. If b1 is in the in-
cident plane, the orientations of diffracted beams of b2 and
b3 are symmetrical about the incident plane, so a symmetri-
cal fanout light pattern is generated. Theoretical calculation
based on Eqs. 1 and 2 was carried out to simulate the
distribution of light spots on the surface of hexagonal 2D
PhCs under the assumption that 1=0, and 2=3=60°, and
with fanout angle =2−2 or 3−3 and spot separation
L=2h ·ctg , where h is the thickness of the substrate. Fig-
ure 3 is the simulation obtained with the parameters 
FIG. 1. Two-dimensional hexagonal Bravais lattice. a SEM image of fab-
ricated large-size 2D H-PhC, scale bar 2 m, b b1 ,b2, and b3 are vectors
of the three equivalent gratings in the lattice, with orientation difference of
60°.
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showing one-to-many fanout of laser beam. Spot A is the input beam.
0.8, respectively.
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spot patterns depicted in Figs. 2 and 3 verifies the above
theoretical analysis.
For different  , /d, and h, the fanout spots maintain the
same pattern except that the fanout angle  and spot sepa-
rations L are different. Calculated  varying with  for 2
mm substrate thickness is depicted in Fig. 4. Three curves
are corresponding to  /d=0.6, 0.7, and 0.8 respectively,
showing an increase of  with  /d and . Figure 5 shows
calculated L1 and L2 varying with  /d Fig. 5a for 
=30° and  Fig. 5b for  /d=0.6. Curves I and II are
corresponding to substrate thickness h=5 and 2 mm, respec-
tively. Figure 5a and 5b indicate that spot separation in-
creases with substrate thickness and  /d, but decreases with
. The above results demonstrate that fanout angle and spot
separations are determined by  /d ,, and h, therefore can be
controlled by choosing appropriate crystal parameters and
light source.
In conclusion, we have presented one-to-many laser
fanout phenomenon in large-size 2D hexagonal H-PhCs. The
theoretical analysis demonstrates that the phenomenon is in-
duced by multi-directional diffraction of the lattice and mul-
tiple waveguiding of the glass substrate. The fanout angle
and the spot separations are determined by  /d, light inci-
dent angle, and thickness of the glass substrate. For the ap-
plication in optical network interconnection, H-PhCs can be
designed to meet the requirements for certain wavelength of
light source and separations of detectors.
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